Physicochemical and microbiological examinations were conducted on the meromictic Lake Starodworskie located in Olsztyn. The temperature profile revealed a characteristic, small increase in temperature at a depth between 13 and 14 m, and permanent anaerobic conditions in the deeper water layers. Accumulation of dissolved mineral substances enhanced the thermal stability of the lake waters; electrolytic conductivity values in the water deeper than 15 m oscillated within the range of 533 -568 µS cm -1 .
INTRODUCTION
The morphometric properties of lakes are the main factors favoring meromixis. The key factor is that the surface area is small in comparison to depth, represented by a high index of relative depth (Donachie et al. 1999) . Additionally, this phenomenon is stimulated by increasing primary production and the accumulation of decomposition products in the near-bottom waters, saline springs leaking into lake bottoms, or sewage input into lakes. Moreover, obstacles (usually natural) commonly surround meromictic lakes thus restricting wind access. The barrier of increased-density waters near the bottom, which is difficult to overcome, promotes the setting of a monimolimnion that does not mix with the above mixolimnion.
Only a few lakes in Poland have been classified as meromictic. Reports class as such: Lake Zapadłe (Teodorowicz et al. 2003 ) , Lake Czarne (Gołębiowska et al. 2005) , Lake Rzeźniki (Zachwieja 1970) , Lake Klasztorne Małe (Januszkiewicz 1969) , Lake Wądołek (Czeczuga 1966) , and Lake Zakrzówek (Galas 2003) . Lake Starodworskie has recently been added to this group. The aim of this study was to confirm the meromictic character of Lake Starodworskie, which had been thus far classified as bradymictic.
MATERIALS AND METHODS
The subject of the study was Lake Starodworskie, a small (6 ha), deep (23 m) lake that has no natural inflows. It is situated to the southwest of the city of Olsztyn. Table 1 presents the basic morphometric data.
Table 1
Selected morphometric parameters of Lake Starodworskie, according to Paschalski (1963) , modified by Lossow et al. (2005) .
Parameter Value
Water Water samples for analyses were taken at 2-month intervals, from April 2004 until April 2005, from a single sampling station located over the deepest site in the lake. Physicochemical analyses (pH, alkalinity, carbon dioxide, calcium, magnesium, iron, manganese, ammonium, nitrate, nitrite, mineral phosphorus, conductivity) were done in accordance with the standard methods used in surface water examinations (Hermanowicz 1999) . Each water sampling was accompanied by temperature and oxygen profile measurements at intervals of 1 m. The other analyses were done on samples taken from depths of 1, 5, 6, (6-16 m at 1 m intervals), 18, 20, and 22 m. Electrolytic conductivity was determined with a Multi Line F/Set (WTW).
The concentration of total (non-volatile) organic carbon (TOC) and dissolved organic carbon (DOC) was determined with a Shimadzu TOC 5000 analyzer after prior acidification of the sample to approximately 2 pH and carbon dioxide removal. The content of particulate organic carbon (POC) was obtained from the difference between TOC and DOC.
A microbiological survey (morphological and size structure of bacteria) was done on nuclepore membrane filters (pore size 0.2 µm) coupled with a system for automatic view analysis and an Olympus BX 41 epifluorescent microscope. The bacteria were stained with DAPI according to the method by Porter and Feig (1980) .
RESULTS AND DISCUSSION
Lake Starodworskie is an example of a meromictic water reservoir in which this type of mixis has developed and established itself over the past ten years. New development in the vicinity of the lake has radically restricted wind access to the water table. With regard to the tendency for late ice melting and short spring turnover in lakes of this type (Paschalski 1963) , the stable thermal summer stratification was set as early as in April (Fig. 1a) . In a similar way, the prolonged fall turnover resulted in only partial water mixing; in fall 2004, the water did not mix below the depth of 10 m (Fig. 1a, b) .
The thermal stability of these waters at the peak of the summer stagnation was 290.17 J m -2 and this decreased to 0.64 J m -2 in December. It was obviously enhanced by the stratification of chemical compounds dissolved in the lake waters, as was confirmed by the vertical distribution of electrolytic conductivity (Fig. 1c) . Ambrosetti and Barbanti (2005) described such phenomenon in meromictic lakes. The small temperature increase (0.2 -0.3°C) observed every time in the profile at a depth between 13 and 14 m was parallel to the conductivity increase. The vertical distribution of this parameter, which is indicative of water mineral pollution (Dojlido 1995) , was similar throughout the study, and the considerable and abrupt increase of electrolytic conductivity applied solely to the zone characterized by the highest density gradients. Electrolytic conductivity noted in the water layer deeper than 15 m revealed small differences during the study; the mean values ranged from 553 to 568 µS cm -1 . The value of this parameter was influenced mainly by the amount of dissolved carbon dioxide, calcium, and ammonium nitrogen (Table 2) .
At a pH range of 7.6 in December to 9.56 in March 2004, carbon dioxide in the surface water layer (0 -1 m) varied between 0 and 21 mg dm -3 . The highest carbon dioxide increase occurred in the 10 -15 m layer. The maximum recorded gradient was 39 mg dm -3 . Deeper down, oscillations of the concentration were not very obvious, however; the mean increase of concentrations between the hypo-and the monimolimnion was 8.17 mg carbon dioxide dm -3 . In eutrophic lakes, such as Lake Starodworskie, according to Lossow et al. (2005) , high concentrations of the ammonium form of nitrogen are characteristic in the hypolimnion. They are much lower in the surface layer due to algal uptake. In the monimolimnion, the concentration of this nitrogen form Table 2 Selected hydrochemical parameters (average ±SD) in the waters of Lake Starodworskie during the summer stagnation (E-epilimnion, M-metalimnion, Hhypolimnion, Mo -Monimolimnion). was high with a maximum value of 13.45 dm -3 (Fig. 1d) . Currently, its content in the lake exceeds nearly fivefold that noted by Zachwieja (1970) in the meromictic Lake Rzeźnik. Tandyrak and Parszuto (2006) report that the content of ammonium nitrogen in the deoxygenated monimolimnion reveals a significant correlation with the content of organic matter, expressed as BOD, COD, and TOC.
An abundance of easily available organic matter, stable hypolimnion temperature, and its anaerobic conditions determine the high count and biomass of bacterioplankton. Bacteria of the near-bottom zone in Lake Starodworskie were characterized throughout the study by a considerable amount of large bent cells (Table 3) . At the same time, moderate changes to the bacteria structure below a depth of 15 m indicate stable environmental and trophic conditions. This allows one to conclude that the waters of the lower hypolimnion are not mixed with the surface waters, which may be additional proof of the presence of a monimolimnion in the lake. Stable conditions in the monimolimnion of Lake Starodworskie account for the high bacterial biomass even during homothermy Table 3 Basic indices of bacterioplankton in the waters Lake Starodworskie (E-epilimnion, M-metalimnion, H-hypolimnion). and partial water turnover. The significant correlation between bacterial count and products of their anaerobic metabolism, i.e., ammonium nitrogen (r = 0.885, p ≤ 0.01), sulphur hydrogen (r = 0.832, p ≤ 0.01) and phosphates (r = 0.872, p ≤ 0.01), indicates a high contribution of anaerobic desulfuricating bacteria, typical of lakes with a deoxygenated hypolimnion or those that are meromictic (Tonolla 2000) . During turnover in lakes with complete mixing, the amount of bacteria is usually equalized throughout the water mass, and because of the oxygenation of the near-bottom waters, the number of sulphuric bacteria diminishes (Zmysłowska 2002 ).
